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Objective : Chronic subdural hematoma (CSDH) is one of the most common types of traumatic intracranial hemorrhage, usually occurring in the
older patients, with a good surgical prognosis. Burr hole craniostomy is the most frequently used neurosurgical treatment of CSDH. However,
there have been only few studies to assess the role of the number of burr holes in respect to recurrence rates. The aim of this study is to compare
the postoperative recurrence rates between one and two burr craniostomy with closed-system drainage for CSDH.
Methods : From January 2002 to December 2006, 180 consecutive patients who were treated with burr hole craniostomy with closed-system
drainage for the symptomatic CSDH were enrolled. Pre- and post-operative computed tomography (CT) scans and/or magnetic resonance imaging
(MRI) were used for radiological evaluation. The number of burr hole was decided by neurosurgeon’s preference and was usually made on the
maximum width of hematoma. The patients were followed with clinical symptoms or signs and CT scans. All the drainage catheters were
maintained below the head level and removed after CT scans showing satisfactory evacuation. All patients were followed-up for at least 1 month
after discharge.
Results : Out of 180 patients, 51 patients were treated with one burr hole, whereas 129 were treated with two burr holes. The overall
postoperative recurrence rate was 5.6% (n = 10/180) in our study. One of 51 patients (2.0%) operated on with one burr hole recurred, whereas 9
of 129 patients (7.0%) evacuated by two burr holes recurred. Although the number of burr hole in this study is not statistically associated with
postoperative recurrence rate (p > 0.05), CSDH treated with two burr holes showed somewhat higher recurrence rates.
Conclusion : In agreement with previous studies, burr hole craniostomy with closed drainage achieved a good surgical prognosis as a treatment
of CSDH in this study. Results of our study indicate that burr hole craniostomy with one burr hole would be sufficient to evacuate CSDH with
lower recurrence rate.
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INTRODUCTION

Chronic subdural hematoma (CSDH) is one of the most
common types of traumatic intracranial hematoma, and
often occurs in the elderly4,5,20). Surgical treatment has been
widely accepted as the most effective way to manage CSDH.
Although general agreement for indication of surgical
treatment is obtained, the optimal method has not been
obtained yet8,10,12,15). Craniotomy, burr hole craniostomy

and other various surgical techniques have been used for
years. Considering the simplicity of procedure, operative
risks and efficacy, evacuation through burr hole becomes
the procedure of choice in many hospitals, but the reported
recurrence rate ranges from 9.2 to 26.5% after surgical
evacuation1,5,6,8,14,17,25). And, there are many studies about
numerous factors potentially associated with recurrences
after the surgical procedures which are still highly contro-
versial8,12,20).

Generally, CSDH in adults are evacuated and flushed via
a single or two burr-hole craniostomy frequently followed
by closed-system drainage20). However, definite indication
for number of burr holes is not established and it mostly
depends on neurosurgeon’s preference. 

In this study, we compared the postoperative recurrence
rates between one and two burr hole craniostomy with
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closed-system drainage, considering
the some of the known potential risk
factors of CSDH recurrence. 

MATERIALS AND METHODS

From January 2002 to December
2006, 180 consecutive patients (129
men and 51 women) with CSDH
underwent burr hole craniostomy
with closed-system drainage at our hospital were
retrospectively enrolled in this study. Two patients at the
age of 2 months and 1 year were excluded from the study.
Three additional patients treated with craniotomy were
excluded. Patients were neurologically classified according
to Markwalder Grading Scale (Table 1) and Glasgow
Coma Scale (GCS). 

CSDH was defined as the presence of a typical neomem-
brane, liquefied blood within the hematoma cavity, and at
least 3 weeks had passed from the event of head trauma.
Diagnosis was confirmed by computed tomography (CT)
scans and/or magnetic resonance (MR) images in all
patients. Operations were performed under either general
or local anesthesia. All patients underwent surgical proce-
dures of one or two burr holes over the area of maximal
hematoma width and closed-system drainage with the
commercial silicone catheter and bag. The selection of the
number of burr hole was made by the attending neuro-
surgeon’s preference. Subdural hematoma was spontaneously
evacuated after burr hole trephination and the drainage
catheter was inserted. A little or no warm saline irrigation
through silicone catheter was performed in the cases of one
burr hole craniostomy. On the other hand, much irrigation
was performed via each burr holes in two burr hole cranio-
stomy until the irrigation return became clear. All patients
had closed-system drainage and immediate postoperative
CT scans. The patients were mostly old with other medical
problems and the most frequent postoperative medical
complication was pneumonia17). Therefore, they kept in a
position with the head of the bed elevated to 30 to 40
degrees to minimize respiratory distress. All drainage bags
were maintained below the head level and removed
according to the change of the drainage volume and
radiological findings, but mostly removed within 5 days to
avoid the complications associated with drainage catheter.
Brain CT scans were performed preoperatively, posto-
peratively and at final follow-up in all cases. 

Clinical and/or radiological criteria were used for
evaluation of CSDH recurrence. Also, both the clinical
and/or radiological criteria were used for determining

reoperation. The clinical criteria for recurrence included a
change in mental status, worsening of the preexisting
neurological deficit and new onset or aggravation of
headache. And, the radiological criteria were the CT scans
during the follow-up period postsurgically revealed an
increased subdural collection and/or the brain parenchyma
was compressed compared to the findings of the immediate
postoperative CT scans. That is, patients underwent reo-
peration if neurological symptoms recurred, and/or if the
patients developed new neurological symptoms, with the
increase in hematoma thickness and volume on follow-up
CT scans as defined above. Those who showed no or
minimal neurological deficit postoperatively or who had a
small amount of residual hematoma were discharged and
were followed-up as outpatients.

Statistical analysis was assessed by the Student t-test and
chi-square test using SPSS software (version 12.0; SPSS
Inc.). Throughout the analysis, a p value of less than 0.05
was considered significant.

RESULTS

Demographic characteristics
There were a total of 180 patients, 131 men (72.8%,

median age 61.7 ± 13.4 years) and 49 women (27.2%,
median age 64.9 ± 16.4 years) in the study, ranging in age
from 17 from 96 years (median age, 62.6 ± 14.3 years).
The demographic characteristics and clinical findings are
shown in Table 2. 

The mean GCS at admission was 12.6 ± 1.3. Fifty-one
(28.3%, median age 62.73 ± 13.7 years) and 129 patients
(71.7%, median age 62.2 ± 15.7 years) were managed with
one and two burr hole craniostomy, respectively.

Among 180 operated patients, 10 patients were reoperated
because of recurrence. All patients who recurred had burr
hole craniostomy with closed-system drainage. The patients
were followed-up for at least 1 month after discharge. The
decision to reoperate was determined according to the
clinical and/or radiological evidence of recurrence. The
mean duration between initial and the repeated operation

Table 1. Clinical grades according to the markwalder grade Scale

Grade Symptoms

0 Asymptomatic and neurologically normal

1 Alert and oriented, presenting with mild symptoms such as headache. Absent or

mild neurological deficit such as reflex asymmetry

2 Drowsy or disoriented with variable neurological deficit such as hemiparesis

3 Stuporous, but appropriate response to noxious stimuli and presented with severe

focal signs such as hemiplegia

4 Comatose with absent motor response to painful stimuli and presented with

decerebrate or decorticate posturing
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was 18.8 days which ranged from 4 to 38 days. Seven
patients with unilateral CSDH underwent reoperation on
previous operation site and 3 patients with bilateral CSDH
managed with bilateral burr hole craniostomy had repeated
unilateral burr hole craniostomy because of recurrence. 

One vs. two burr holes
As mentioned above, 10 patients experienced postoperative

recurrences : 5 men (50%) and 5 women (50%) in this study
and ranging in age from 51 to 77 years (median age, 67.8
years). The overall postoperative recurrence rate was 5.6%
(3.8 % in men and 9.4% in women). Although female had a
higher recurrence rate than male, it was statistically non-
significant (p > 0.05). The recurrence rates of one and two
burr hole craniostomy were 1.89% (n = 1) and 6.82% (n =
9), respectively. Patients treated with two burr hole cranios-
tomy had a higher rate of recurrence than those of one burr
hole craniostomy. However, the number of burr holes as a
risk factor of CSDH recurrence was not statistically signifi-
cantly associated with postoperative recurrence rate (p >
0.05) 

Three of 25 (12%) with bilateral CSDH and 7 of 155
(0.5%) with unilateral CSDH patients were recurred (p =
0.13). Thirty-nine patients with unilateral CSDH was
managed without recurrence by one burr hole craniostomy.
Among the 116 patients with two burr holes, 7 patients
were reoperated. One of 12 patients treated with one burr
hole in bilateral CSDH underwent reoperation, while 2 of
13 patients with two burr holes recurred.

Related factors for recurrence
We performed multivariate analysis between recurrence

and following variables : sex (p = 0.96), age (p = 0.99), GCS

score, the site of hematoma (unilateral
or bilateral) (p = 0.13), maximal width
of hematoma (p = 0.46), number of
burr holes (p = 0.18) and diabetes
mellitus (p = 0.59). The expected
potential risk factors included in this
study were not statistically significant
(p > 0.05). 

DISCUSSION

CSDHs generally occur in older pa-
tients by a relatively light trauma and
usually at least 3 weeks passed from
the event of trauma unnoticed. The
annual incidence of CSDH has been
steadily increasing. Weber24) reported

an annual incidence of CSDH in Switzerland was approxi-
mately 1 per 50,000-100,000 in 1969. In 2001, Cousseau
et al.3) found an annual incidence of 3.1 per 100,000 people
in Argentina. And Lind et al.12) in New Zealand reported
4.6 per 100,000, recently. This can be explained by the fact
that the older population have been increased according to
the development of medical technology6,18).

Various types of managements including conservative
and surgical treatment have been used as a management of
CSDH. Currently, conservative management is selected
usually for moribund patients with significant comorbidity
or asymptomatic patients with a small hematoma among
many neurosurgeons. Mostly, literatures have supported a
surgical treatment19,25). Burr hole craniostomy is a simple,
widely used technique with overall morbidity of 0 to
9%4,5,12,14). 

The surgical procedure of authors’ hospital is as follows:
one or two burr holes are usually drilled and hematoma is
spontaneously evacuated. The hematoma is repeatedly
irrigated with warm saline by means of nelathon catheter
inserted in several directions until the irrigation return
became clear. At the end of the procedure, the drainage
catheter is inserted and left in the hematoma cavity. 

Craniotomy, more invasive technique with greater mor-
bidity than burr hole craniostomy, has no significant dif-
ference in the incidence of postoperative recurrence5,6,16,18).
Nevertheless, craniotomy as a management of CSDH has
indications as followings : solid hematoma and multiple
recurrences19). 

Recently, burr hole craniostomy as a most widely used
surgical treatment of CSDH has been supported in the
literatures. The rationale for this has been based on evi-
dences that treatment with burr holes has at least equivalent

Table 2. Comparison of demographic and related factors : one vs. two burr holes

Factors
No. of patients (%)

Total p value
One Two

No. of patients 51 (28.3) 129 (71.7) 180

Mean age (yrs) 62.73 ± 13.7 62.2 ± 15.7 62.6 ± 14.3 NS

Sex NS

Male 38 (74.5) 93 (72.1) 131

Female 13 (25.5) 36 (27.9) 49

Recurrences 1 (1.9) 9 (6.8) 10 (5.6) NS

Markwalder score 1.72 ± 0.5 1.63 ± 0.5 1.66 ± 0.5 NS

GCS score 12.4 ± 1.3 12.6 ± 1.3 12.6 ± 1.3 NS

Maximal width of 18.0 ± 6.7 19.1 ± 7.44 18.8 ± 7.2 NS

initial hematoma

Hematoma site NS

Unilateral 0 / 39 7 / 116 (6.0) 7 / 155 (0.5)

Bilateral 1 / 12 (8.3) 2 / 13 (15.4) 3 / 25 (12)

Diabetes mellitus 0 / 3 1 / 8 11 NS



outcome as compared to craniotomy, but has much lower
mortality and morbidity and a shorter postoperative hos-
pital stay11,12,19).

The reported rate of reoperation was 7.9 to 33% in the
patients with burr hole craniostomy, not significantly
higher than with the craniotomy5,7,16,18,20,22,23). The main
reasons for reoperation were residual thick hematoma
membranes followed by reaccumulation of subdural fluid
due to residual hematoma or to rebleeding4).

One vs. two burr holes
One or two burr-hole craniostomy with closed-system

drainage have been generally used as a primary treatment of
CSDH in most institutes, recently16). One burr hole cranio-
stomy takes shorter operation time and less invasive than
that of two burr-hole craniostomy. But, it is often less effi-
cient to evacuate the hematoma, especially in cases of
separated type of CSDH and/or thick hematoma. Yama-
moto et al.25) demonstrated that the irrigation with one
burr hole is usually sufficient to wash out the hematoma in
multiple cavities. They concluded that in most cases of
CSDH, multiplicity did not mean multiple closed cavities
and that all hematoma cavities were continuous with rela-
tively wide routes of wide connection. Nagakuchi et al.14)

demonstrated that the catheter tip located in the frontal
showed better surgical outcome in one burr craniostomy
with closed-system drainage and irrigation. The recurrence
rates were 5% in frontal region, 38% in parietal region,
36% in occipital region and 33% at the temporal base. In
this study, all of patients with the tip of catheter in frontal
region were not recurred. Among patients with one burr
hole, only one of 5 patients with the tip of catheter in
parietal region underwent recurrence. 

Two burr-hole craniostomy is useful to evacuate hema-
toma through repeated irrigations. Kuroki et al.10) have
compared ‘closed-system drainage with irrigation ‘(n = 45)
with ‘strict closed-system drainage’ (n = 56) in CSDH
managements, and found five recurrences in the former
and one in the latter group. The result suggested that pos-
toperative residual intracapsular air is a factor of recurrence
which was statistically significant (p < 0.05). But, there is
lack of general agreement as to what is the exact role of
postoperative subdural air in the recurrence of CSDH. 

In our study, patients operated on with one burr hole had
lower postoperative recurrence rate than those of two burr
holes (1.89 vs. 6.82%), although it was not statistically
significant (p > 0.05). There is hypothesis for higher posto-
perative recurrence rate after two burr craniostomy as in
our study. While we performed repeated saline irrigations
via two burr holes, one burr hole patients were less irrigated.

Thus, the patients with one burr hole might have decreased
tendency to accumulate postoperative subdural air. Amir-
jamshidi et al.2) reported that the persistence of the posto-
perative subdural cavity is a risk factor for reaccumulation
of the hematoma and the presence of postoperative residual
air prevents reduction of the cavity. Oishi et al.15) demon-
strated irrigation should be avoided to prevent complica-
tions caused by a sudden decrease in intracranial pressure
and intraoperative invasion. Taussky et al.22) reported that
patients operated on with one burr hole had a statistically
significant higher rate of recurrence, wound infection and
longer hospital stay. The theoretical explanation for higher
recurrence rate of one burr craniostomy is following : the
residual hematoma fluid contains large concentrations of
vasoactive cytokines, inflammatory mediator and fibri-
nolytic factors. The complete evacuation of hematoma
seems to be directly linked to the success of surgical
procedure. Thus, two burr hole is more efficient to flush
out subdural fluid collection19,21).

Related factors for recurrence
Many risk factors for recurrences of CSDH have been

reported previously, including age, history of trauma,
bleeding tendency, brain atrophy, alcohol abuse, bilateral
CSDHs, higher hematoma density, postoperative air
accumulation and some technical aspects of surgery. How-
ever, the results reported have sometimes been inconsis-
tent1,2,13,19,24).

Some authors have regarded older age is one of the risk
factors of CSDH recurrence, while other do not agree7).
The results in this study are consistent with the non-
agreement group. 

Markwalder grade score and GCS score on admission
have been considered as a risk factor of recurrence in previous
studies. Amirjamshidi et al.2) evaluated the role of GCS
scores in the recurrence of CSDH. The results showed that
GCS scores had a strong association with CSDH recurrence.
Also, a study demonstrated significant correlations between
GCS/GOS and CT scan findings in CSDH. Lee et al.11)

reported that the duration of postoperative brain re-expan-
sion was not only related with immediate brain re-expansion
or pulsation during operation, but also preoperative GCS
score.

The width of a hematoma is usually determined at the
level of its maximum thickness and has been reported to be
correlated with patient age. This result is attributed to the
brain atrophy associated with aging, which provides the
hematoma with space in which to grow. Yamamoto et al.25)

and Kang et al.7) demonstrated that larger hematomas had
a greater tendency to recur because postoperative subdural
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space was larger than that found after removal of a small
hematoma. Kang et al.7) evaluated 302 patients with
CSDH. Among the recurrent group, the one with a width
greater than 2 cm was significantly higher than that of
below 2 cm (p < 0.05). However, in agreement with a
previous reports2,19), hematoma thickness on the preopera-
tive imaging studies were found not to affect postoperative
recurrence rate significantly in this study. 

Three of 25 (12%) with bilateral CSDH and 7 of 155
(0.5%) with unilateral CSDH patients were recurred in
present study. As mentioned earlier, bilateral CSDH
showed higher recurrence rate which was not statistically
significant (p > 0.05). It is still unclear that a hematoma
location is associated with CSDH recurrence. Kurokawa et
al.9) concluded that the bilateral CSDH should be treated
as early as possible with bilateral decompression of hema-
toma pressure, even if the patients showed no or minor
neurological deficits.

Suzuki and Takaku21) reported that osmotherapy perfor-
med using 20% mannitol was effective in preventing
repeated bleeding of a CSDH. In the same fashion, the
blood of patients with DM has a high osmotic pressure and
increased platelet aggregation and this suggests that DM
may contribute to decrease the rebleeding tendency of a
CSDH and the recurrence of CSDH25). 

The present study was a non-randomized, retrospective
study, and thus is potentially subject to sources of bias and
variation. Further investigations with larger sample size,
quantitative controlled prospective study are required to
assess the role of number of burr hole as a independent risk
factor of CSDH recurrence. 

CONCLUSION

In agreement with previous reports, the surgical outcome
after burr hole craniostomy with closed-system drainage as
a treatment of CSDH was fairly good. The patients who
treated with two burr hole craniostomy had higher
incidence rates of recurrence than those with one burr hole
craniostomy, but statistically not significant. We conclude
that CSDH can be efficiently evacuated by one burr hole
craniostomy which is less invasive procedure and takes
shorter operation time, even with lower recurrence rate.
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